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(54) OPERATIONAL AMPLIFIER 
(57)Abstract : 

PROBLEM TO BE SOLVED: To provide an operational amplifier which is capable of 
operating at even power source voltage of lv or below. 

SOLUTION: A pair of MOSFET 11 and 12 in which the one is made a diode-shape and a 
gate is made common are used. Each source side is used for a differential input 
terminal and the differential stage DS connecting constant current sources 13 and 14 
with each drain side is provided. A MOS operational amplifier 10 which is made to 
control the output stage OS in which a MOSFET 16 and a constant current source 17 
are serially connected by the output of the differential stage DS is provided. As 
the constant current source, the current mirror circuit of an NMOSFET is used, in 
this operational amplifier 10, only the threshold voltage of the pair of MOSFET 11 
and 12 and the slight margin are related to the level of the DC bias in the 
differential stage DS. 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim l]One pair of MOSFETs which consist of MOSFETs used as a diode form and these 
MOSFETs, and MOSFETs which made gate connection are used, An MOS operational 
amplifier using each that sauce side for a difference input terminal, and providing 
a differential stage which connects a constant current source to each that drain 
side, and is used for an output terminal, and controlling an output stage which 
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carries out the series connection of MOSFET and the constant current source by an 
output of this differential stage. 

[Claim 2]The MOS operational amplifier according to claim 1 using PMOSFET as an 
MOSFET. 

[Claim 3]The MOS operational amplifier according to claim 2 which uses a current 
mirror circuit of NMOSFET as a constant current source of a differential stage. 



[Translation done.] 
* NOTICES * 
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2. **** shows the word which can not be translated. 
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DETAILED DESCRIPTION 

[Detailed Description of the invention] 
[0001] 

[Field of the lnvention]Especially this invention relates to an MOS operational 
amplifier especially about an operational amplifier, i.e., an operational amplifier. 

[0002] 

[Description of the Prior Art]The example of representation of the operational 
amplifier used now is shown in drawing 4 and drawing 5. This circuit with the CMOS 
operational amplifier of common source differential amplifier type, for example, 
"Analog MOS Integratedci rcui ts for Signal Processing"; R.Gregoroan and et.al; 
121-264 pages of John Wiley & Sons;1986 -- or, "Biasing Circuit for. High input 
Swi ngOperational . Amplifters; J . F. Duque-Carri 1 lo ; It is indicated by IEEE Journal of 
Solid-State Circuits, VOL30, NO. 2, Feb. 1995, and PP156-159." The small signal 
equivalent circuit about the circuit of drawing 5 is shown in drawing 6. 
[0003] in the differential amplifier 1 of drawing 4 and drawing 5, the gate of 
NMOSFET2 and 3 is used as a difference input terminal, respectively, and the sauce 
is connected to the constant current source 4 in common. And PMOSFET5 of a current 
mirror form which connected sauce with the power supply voltage VDD, and 6 are 
connected as active load to the drain of these NMOSFET2 and 3. in the case of 
drawing 5, as the output stage 7, sauce is connected with the power supply voltage 
VDD, and the constant current source 9 of PMOSFET8 which gate control is carried out 
by the output of the differential amplifier 1, and generates the output signal vout 
from a drain, and this PMOSFET8, and ** are provided. 

[0004]ln the differential amplifier 1 in these circuits, since all the transistors 
operate in a saturation region, the conditions of the following expression 1 are 
required of the DC levels of difference input vinl and Vin2 at the lowest. 
Equation l]vin>vtn (Vtn is the threshold voltage of NMOSFET) 

^0005]For PMOSFET5 and saturation region operation of six, Vgs>|vtp| (vtp is the 
threshold voltage of PMOSFET) is required of the voltage Vgs between the gate sauce, 
therefore, as for the drain voltage Va of NMOSFET2, the following expression 2 must 
be satisfied. 

[Equation 2]Va<VDD- | vtp | [0006]The conditions of the following expression 3 are 
required for NMOSFET2 and saturation region operation of three. 
[Equation 3] vi nl-Va<vtn [0007]The following expression 4 is obtained from such 
expression 1-3 as an operating condition of this differential amplifier 1. 
[Equation 4]vtn<vi n<VDD- | vtp | +vtn [0008]As shown in this expression 4, the power 
supply voltage VDD is low, for example, if set to lv, the range of the difference 
input Vin which can be operated will become very severe. Therefore, since difference 
input vinl and Vin2 are determined as VDD/2 , as the power supply voltage VDD, about 
at least 3 or more Vtn, i.e., about 1.5v, is usually set up. That is, the present 
power supply voltage VDD must satisfy the following expression 5 as a result, alpha 
in a formula shows a margin. 
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[Equation 5] 

VDD**Vtn+ I vtp I +al pha**Vtn+Vtn/2+ | Vtp | + | Vtp | /2=1 . 5 (Vtn+ | Vtp | ) 

[0009]On the other hand, when drawing 6 which is a small signal equivalent circuit 
figure of the circuit of drawing 5 is referred to, the open-loop gain can be 
expressed with the following expression 6. As for AVO, a differential amplifier 
profit and AV2 of total open-loop gain and AVl are amplification gains among a 
formula, gm and gd are the channel conductance of MOSFET and are gm=**lD/**Vgs and 
gd=**lD/**vds. 
[Equation 6] 

AvO=AvlandAv2= [gml/(gd2+gd4)] - [gm4/(gd5+go5)] 

[0010]The frequency gain can be expressed with the following expression 7 when 
drawing 7 is referred to. The 1st pole (first pole) and Sp2 of S=jomega and Spl are 
the 2nd pole (second pole) among a formula. 
[Equation 7] 

Av=AvO, 1/ [(1-S/Spl) (1-S/Sp2)] 

Spl = (gd2+gd4) / CA, Sp2 = (gd5+go5) / CL[0011] 

[Problem(s) to be Solved by the invention] By the way, low-electric-power-ization is 
increasingly called for more from the portable improvement and point of protraction 
of a hour of use with carryi ng-i zi ng of the electronic item in these days, etc. 
Therefore, it is necessary also about analog circuitry like the CMOS operational 
amplifier for the above-mentioned single power supplies to be able to operate under 
the low voltage more. However, in the former, the fall of power supply voltage has a 
limit as mentioned above, and development of a further low-power-consumption type 
operational amplifier is desired. That is, if it can do, a profit as shown with the 
expression 6 and 7 remains as it is, and, specifically, the CMOS operational 
amplifier which can operate with the power supply voltage of a little larger grade 
than the power supply voltage not more than l.Ov or the threshold voltage of a MOS 
transistor is needed. 
[0012] 

[Means for Solving the Problem]By this invention, one pair of MOSFETs which consist 
of MOSFETs used as a diode form and these MOSFETs, and MOSFETs which made gate 
connection are used for such a purpose, Use each that sauce side for a difference 
input terminal, and provide a differential stage which connects a constant current 
source to each that drain side, and is used for an output terminal, and with and the 
output of this differential stage. An MOS operational amplifier which came to 
control an output stage which carries out the series connection of MOSFET and the 
constant current source is provided, in this case, it is suitable to use PMOSFET as 
an MOSFET and to consider it as CMOS operational amplifier using a current mirror 
circuit of NMOSFET as a constant current source. That is, since grounding (GND) 
connection is possible for it if PMOSET is an NMOS current mirror although it excels 
in ease and economical efficiency of separation between elements and direct 
continuation must be carried out to power supply voltage (VDD) in a PMOS current 
mirror, it is because it is advantageous to a low-voltage design. 
[0013]Since only threshold voltage and some margin of one pair of MOSFETs will be 
related to a level of a DC bias in a differential stage according to this circuit, 
it becomes usable about a thing of voltage lower than before as power supply voltage 
of the operational amplifier concerned. On the other hand, about CMRR (common mode 
rejection ratio) of open-loop gain of the circuit concerned, frequency gain, or a 
differential stage, even if compared with the former, that equal can be obtained. 
[0014] 

[Embodiment of the lnvention]Hereafter , the embodiment of this invention is 
described with reference to drawings. 

[0015]As shown in drawing 1, CMOS operational amplifier 10 of this example comprises 
a differential stage DS and an output stage OS. Differential stage DS is provided 
with 1 toll [ PMOSFET] which tied each sauce to difference input vinl and Vin2, 
respectively, and 12. PMOSFETll is used as a diode form and gate connection of 
PMOSFET12 is made with PMOSFETll. That is, it carries out in common, and is 
connected to the drain of PMOSFETll, and each gate of PMOSFETll and 12 is grounded 
via the constant current source 13 (GND). The drain of PMOSFET12 is connected to the 
constant current source 14, the node 15 of these PMOSFET(s)12 and the constant 
current source 14 is used as an output terminal, and the output (voltage vb) of 
differential stage DS is taken. 

[0016]Output stage OS is the composition of consisting of a series connection of 
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PM0SFET16 which connected sauce with the power supply voltage VDD, and the constant 
current source 17 linked to the drain of this PMOSFET16, and generating the 
operational amplifier output Vout from the node 18 of PMOSFET16 and the constant 
current source 17. Since the conductivity is controlled by the gate of PMOSFET16 in 
response to the output of differential stage DS, the output Vout according to 
difference input vinl and Vin2 is obtained. 

[0017]The current mirror circuit of NMOSFET is used as the constant current sources 
13, 14, and 17 of this operational amplifier 10 (drawing 1 B) . Hereafter, the 
performance of this circuit is explained using expression. 

[0018]-- . DC bias [0019]The voltage vin of the difference input of this operational 
amplifier 10 may satisfy the conditions of the following expression 8 so that 
clearly from drawing 1. vtp in a formula expresses the threshold voltage of PMOSFET, 
and alpha expresses a margin. 

[Equation 8]Vi n> | Vtp | +al pha** | Vtp | + | Vtp | /2=1. 5 | Vtp | [0020] In this operational 
amplifier 10, since vin**VDD is possible, it enables even the level which can 
express with the following expression 9 to drop the power supply voltage VDD from 
the expression 8. 

[Equation 9]VDD**1. 5 | vtp | [0021]That is, compared with the power supply voltage VDD 
of the conventional CMOS operational amplifier, it turns out that at least about 1/2 
level can operate. 

[0022]"" . Profit of differential stage DS [0023]A small signal equivalent circuit 
figure of this operational amplifier 10 is shown in drawing 2. The following 
expression 10 can be expressed from the figure. 
[Equation 10] 

Va: (from Kirchhoff's law to the node Va) 

golVa+gdl(Va-vinl)+gml(Va-vinl) =0vb : (from Kirchhoff's law to the node vb) 

?o2vb+gd2(vb-vin2) +gm2 (Va-vi n2) =0 [0024]The following expression 11 is obtained 
rom this expression 10. 
[Equation ll]Vb=[-gml and gm2/(gml+gdl+gol)] (gd2+go2) Vinl+ [(gm2+gd2) /(gd2+go2)] 
Vin2 [0025]The expression 11 can change as follows from vin and d=vinl-vin2, vin, 
and c=(Vinl+Vin2) /2 . 

[Equation 12]Vb=[-l/. (gd2+go2)] [gml and gm2/(gml+gdl+gol)+gm2+gd2] and Vin, 
d/2+[l/(gd2+go2)] [gm2+gd2-gmlandgm2/(gml+gdl+gol)] and Vin, c [0026]The expression 
12 can be expressed with the following expression 13 from gml»gdl+gol and 
gm2»gd2+go2. 

[Equation 13]Vb=- [(gm2+gd2/2) /(gd2+go2)] - Vin, d+ [gd2/(gd2+go2)] - Vin, c 
[0027]Therefore , the following expression 14 and the expression 15 are obtained from 
the expression 13. Adm is differential mode gain (differential mode gain), and Acm 
is common mode gain (common modegain). 
[Equation 14] | Adm | =(gm2+gd2/2)/(gd2+go2) 
Acm =gd2/(gd2+go2) 

[Equation 15]CMRR=(gm2+gd2/2)/gd2 [0028] ** . Profit of output stage OS [0029]The 
expression 16 of a following formula is obtained from drawing 2. 
[Equation 16] 

go3vout+gm3vb+gd3vout=0 [0030]The expression 17 is obtained from this expression 16. 
[Equation 17] 

Vout=[-gm3/(go3+gd3)] - vb[0031]Therefore , the expression 18 can be expressed. Av2 
serves as a profit of output stage OS. 

[Equation 18] Av2=Vout/vb= | gm3/(go3+gd3) | [0032]As mentioned above, the total 
voltage gain of the circuit of this embodiment becomes like the following expression 
19. Even if this compares with the expression 6 of conventional technology, it is 
the almost same (a little large) grade. Avl serves as a profit of differential stage 
DS. 

[Equation 19] 

Av0=AvlandAv2=|Adm|andAv2= [(gm2+gd2/2) /(gd2+go2)] - [gm3/(go3+gd3)] 
[0033] Frequency gain can be expressed with the following expression 20 with 
reference to drawing 3. That is, even if compared with the expression 7 of 
conventional technology, it is the almost same grade. 
[Equation 20] 

Av=Av0, 1/ [(1-S/Spl) (1-S/Sp2)] 

.... Spl=(go2+gd2)/CB, Sp2 = (go3+qd3) / CL [0034] Al though this embodiment explains a 
case where PMOSFET is used, even when using NMOSFET, it is feasible at same 
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circuitry. Namely, what is necessary is to set PMOSFETll, and 12 and 16 to NMOSFET, 
to make power supply polarity reverse, i.e., iust to constitute from composition 
shown in drawing 1 so that the grounding (GNDJ side may be used for the 
power-supply-voltage side as voltage of + including a difference input, using 
negative voltage. Also in this case, it is possible to obtain the same 
characteristic as the above. 
[0035] 

[Effect of the lnvention]As explained above, according to this invention, the MOS 
operational amplifier which can operate also with the power supply voltage not more 
than l.Ov can be provided, maintaining high performance. Therefore, it is useful to 
the electronic item which can realize the further low-electric-power-ization and in 
which downsizing and carrying-ization are advanced. The MOS operational amplifier of 
this invention can be used effective also in a data conversion-related circuit. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing l]The circuit diagram showing 
invention. 

[Drawing 2]The representative circu 
operational amplifier of drawing 1. 
[Drawing 3]The representative circu 
operational amplifier of drawing 1. 
[Drawing 4]The circuit diagram showing 
ope rati onal ampl i f i er . 
[Drawing 5]The circuit diagram showing 
operational amplifier. 
[Drawing 6]The representative circuit 
circuit of drawing 5. 
[Drawing 7]The representative circuit 
circuit of drawing 5. 
[Description of Notations] 
10 MOS operational amplifier 
11,12,16 PMOSFET 

13, 14, and 17 Constant current source 
DS Differential stage 
OS output stage 



the MOS operational amplifier by this 
schematic about the open-loop gain of the 
schematic about the frequency gain of the 
an example of the conventional CMOS 
other examples of the conventional CMOS 
schematic about the open-loop gain of the 
schematic about the frequency gain of the 
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[Drawing 2] 

[Drawing 3] 

[Drawing 1] 

[Drawing 4] 

[Drawing 5] 

[Drawing 6] 

[Drawing 7] 

[Translation done.] 



Page 6 



<19)BaWWWW (JP) (12) £S !^ ^ $g (A) Ul)ttmtM&n*9 

#ilff¥9-i67928 

(43)&M B 9 ¥(1997) 6 £24B 



(51) IntCL 




F I 




H 0 3 F 3/343 




HO 3 H" 


3/343 A 








Bf*^©Sc3 OL (£5 M) 


(21)aH#^ 


WSW-277802 


(71) tan A 


591021763 










(22)tfil£IB 


¥^7^(1995) 10/I25B 




mjKiEtp^lS B *flKRiT 2 T B31# 1 ^ 






(72)f£Hl* 


* 4ftg 


(31)«5fe^#$^ 


WW 3 P7-262616 




3fGSCSP**KB#«?Ri<; 2-31-1 Eii 


(32)M5feB 


¥ 7 (1995) 10)111 B 






(33)S5fe«L£*a 


B* (J P) 


(74)«ax 


#lt± iiSJ! S 



(54) GfflftO&ft] *^T>7 



(57) 

[KB ] 1 VKT^WBWE-C fc IMFTiKr^T >" 

izLtz lM^MO SFET 1 1 , 12£flMU 

&£CSGB 13, 14 £fi iff LfcHmx-r-^'D s &B 
ft. ^LT. 3mx J F—iSDS0>mj3££.*)* MOSF 

eti exwaaMti 7^n?ijj#Mt/-cmtixx-^ 

t5. £V8GBi: UliNMOSFET^uyhS? 

— >?D Stfcttl, D CA-f T^CDK/Hdi, 1 StftfDM 
OSFET11, 1 2^L^V^E®±t ^O^RDV- 



pi I C C 1 C 






(2) 



#H¥9-1 6 7 928 



mmm^mm: 

Itmm 1 ] ¥A T^fc LftMO S FETStfR 
MOSFEThy-hSILtMOSFET^I. 1 

■f— 'J&ftjiiz x o , mo s f e T&t*j£*a8B£ 

[|f*lM2] MOSFETt UPMOSFETlffl 

v > 5 if 1 latl^M o s ^-^r yr t 

[M*3I3] SiXf-y^tS«tLT, N MO 

s f e ^ y h s v-mzzmm-t&m sag 2 iek 

[00 0 1 ] 
[00 02] 

(?)CMOS^7m\ MxJf, r Analog MOS Integ 
ratedCircuits for Signal Processing j ; R.Gregoroa 
n.et.al; John Wiley & Sons;198601 2 1 — 2 641 
J ^ > , sK^ti, ^Biasing Circuit for High Input Swing 
Operational Amplifters j ; J.F.Duque-Carrillo; I EE 
E Journal of Solid-State Circuits, V0t30, NO. 2, Feb. 1 
995,PP156-159£BH?S3;fVCV-»5. 4ft, a6tli. El 

[0003] H4 msm 5 commmm^w 1 t(4, nmo 
sfet2, 3coy-h &*ti*timn7Jjm=? t s 

•£LT, iMNMOSFET2, 3£) F W yt^t 
* IHtoftffi i: LT , y -x £ V D D fcrofc <, >ft' 

*l/yhi7-icOPMOSFET5, 6^#M§tfC 
3Efc:05fl>*£-fcl±, aj*AT— ^*7fc LT, » 
ismjiVD Die v-x^%*ptu Hi&ff I6H l coffin 

^H4tliPMOSFET8i:, C COP MO S F E T8 
Av 0 =A vi ■ Avj 

= C gm, / (gdj + g d 4 

[ooioiifc, zcommstfmii, m**m-t& 

t««lS7T««. m. sW, S=jco, Spi 14 
SSI (7)® (first pole), Sp 2 {4H 2 c^ffi (second pol 

Av=Av 0 ■ l/[ (1-S/Sp 
Spi = ( gd 2 +gd, ) /C 

[0011] 

[^HJ^M^L «fc 5 fc-T4»!jB3 M&z&tf 



[ooo4] ^^.^mK(c^(t£isntmH8 1 -m, ^ 

Vinl, V i n2«DCK/W:, *ffit"t^OfM 

[11 ] V i n>Vt n (Vt nliNMOSF ETcO L 

[0 00 5] 4ft, PMOSFET5, 6 COggfUffii^Kj 
fNOftft, h - V— X[3«EV g s fc(4V g s 

>| Vtp I (Vt pJiPMOSFETcOL^VMiM; 
<E) ffiotNMOSFET2«KNyl 

[12] Va<VDD- I Vtp I 

[0006] SC, NMOSFET2, 3 CDfl&jfOfH«I& 

[1:3] Vinl -Va<Vt n 

[0007] -rti^oiMi-3^^, i^HiiusBS 
i <?>mf&k#k lt&oisu tm$>tih . 

[1:4 ]Vtn<Vin<VDD-|Vtp | +Vt n 
[0008] i<7*3fi43&»fe4h&>* <fc a MWEEV 
DDs6*K< , man 1 Vfc&S i: , mS)At! V i ncOftj 

f]Vinl, Vi n2{4VDD/2t;^§n^OT\ 
«jB«J±VDD^LT«4, ^<H3Vt ngg, B|l 

[15] 

VDD=Vt n+ | Vt p I +a 

= Vt n + Vt n/2 + I Vtp I + I Vtp |/2 

= 1. 5 (Vt n+ | Vt p | ) 

[0009] m5com%cDsNmmttmmT$> 

mth, ffi, AV, Jib — ^/PBB/l— TfU#, A 

VJiUljiiKfrj^, AV 2 (4iiSW#T*^o 4ft, 
gm, gdliMOSFETOft^y^^^yX 
•p, gm=3I D /3Vgs, gd = 5 I D /dVdsTJb 
4. 

[16] 



) 3 • [gm, 
e) T-^So 
[17] 



( g d B +go s ) ] 



! ) ( i-s/sp, ) : 

A, S P2 = ( gd 5 +go 5 )/CL 



(3) 



#^¥9-1 6 7 928 



*f!»IA*<9**T, 1. 0 vj^TW«a91BE, J&M* 
JgO«l!imJ±T-Kl^t^C M O S :*^T ^rnw&Bk 
[00 12] 

^WSTCli, ^ 3j— H Jgfc Lft M O S F E TSIffliM 
OSFETty- h}gig!Lft:MOSFET;£p£>&-& l*f 

omo s FETjfflv\ ^^v-xm^mmxtim^ 
satx-f— iscofcjjiz x o , m o s f e Tatf^aai 

ZlMOSt^TyT^tl). ZCOWiS^ MOSFE 
TkUPMOSFET^4±3KU JE« 
(liSt LTNMOSFETCO^lx-yhS^-HIB&^fflV^ 

ftcMos^r^Tfc^&o^LT^s. sp^, p 
m o s e TH*f IB4Mt<^SM« J l > earttfc:ftfi , £ 

ft, PMOS^rl/yh* (VDD) ^ 

-T**UrSS!l (GND) aNKWTft&^fe, fflc«J± 

[0013] i^ni»tj:*uf, igft^-f— s^fcfcit* 

DCA^TXOl^MCii. l*f<DMOSFET<7)L^ 

mfr-y°mm>mm$m. m «iixf-y« c m 

[0014] 

HIT. HH^#ratT*^OH 
[00 1 5] HI iZ^tXdiZ, :«M«CMOS^ 

^KfATjV i n 1 , V i n 2 fc-eft-eftoSrtf ft 1 ttco 
PMOSFET11, 12^Iltl/^ t PMOSFE 
Tl Wi-f^yf—Ymt^it, -eLTPMOSFETl 
2^PMOSFETl Uf-h^nt^S, HP 
£> N PMOSFET11, 1 2<D&¥— WZgMlZ LX 
PMOSFET1 lCOKHy^S^ JgBSKIBl 
3^^LTJti4 (GND) $*UC^&. PMOSFET 
1 20>l*W:<'ttj£«aaBl 4£SMft3*U .rix^PM 
O S F E T 1 2 fc JESSES 1 4 OSNftS 1 5 &mjlt&? 



[0 0 16] [iJ^Xf- y'OSli tWEEVDDtV 
— x£-o&-V"4ft:PMO S FET 1 6 t s ;«PMOSF 

ET16WFW ^tcssai Ltz&msm 1 7 1 coa^js 
wtfrt>&*) . pmosfeti 6&v%mm.Mi 7com 

M&l 8;^:*^T>"TttJ7JVo u t frf^TSHMtT 
PMOSFET 1 6(7)^*— htili&X^f—^DS 

0 ft jj £ S ( t T ^ coafiHt § «f , USD A JJ 
Vinl, V i n2CjEtfcffi^Vou t 0 

[0017] ;^7V7" 1 0 O^illS 13,1 
4, 1 7 J: Ltlis N MO S F E T^^fp-y b 5 7— III 
(01 B) . ETFs £<O®»0)tttBfco 

[0018]®. DCA^7X 

[0 0 1 9 ] 0l3&^BJ^^J; -5^ ZCDTf^Tyy' 

1 O^KjATl^ttffiV i nti&^lb£8<?>3rfr£?PiJ@. 
-t&hWX^. ft, ^OVtptiPMOSFETO 

[1:8] Vin>|Vtp|+«=|Vtp| + |Vt 
Pl/2=1. 5 I Vt p I 

[0020] ^^7^71 V i n = VDD 

Wl^Ot, St*83&»6««£EVDD £&<7)fta£9 

T'SHi. £ K/t-itrff h z. t . 

[JS9] VDD=1. 5 I Vtp I 

[0021] ap*>, ^*«cmo s^ryrcom^ 
ffvDD tit^. i / 2 iRwwtfcw^rsrc* 

[0022]©. ^tXf-y'D SC9flJ# 

[0023]EI2(;, i co^-^.t vrr 1 0 CO/hft-f-^iB 
[110] 

Va : (y-HVa^M-T5^b^-/70^I!l^^) 
go, Va + gd, (Va-VinD+gm, (Va 
-Vinl) =0 

Vb : ( y-\<vbt l zftt&*c>v\z*vy<7)mMfrt>) 

go 2 Vb+gdj ( Vb -V i n 2 ) + gm 2 (Va 
-Vin2) =0 

[0024] £<75»b$ i o x o . ikiom^. 1 1 m§t>ti 

h. 

[11 1] Vb = [-gm 1 ■ gm 2 /(gm 1 +gd 1 +go 1 )(gd 2 +g 
o 2 ) ] Vinl+ ( (gra 2 +gd 2 ) / (gd 2 +go 2 ) ] Vi n2 

[002 5] Vin,d = Vinl-Vin2, Vin.c 
= (V i n 1 +V i n 2 ) /2j&»4>, gfc£l lfi&^J: 

[ a 1 2 ] V b = [-1/ (gd 2 +go 2 ) ] [gnii • gm 2 / (gm 1 +gd 1 +g 
0!)+gra 2 +gd 2 ] • Vin,d/2+[l/(gd 2 +go 2 )] [gm 2 +gd 2 -graj -g 
m 2 /(giiii+gdi+gOi)] ■ Vin,c 

[0026] gnii >gd[ +gO! , gm 2 >gd 2 

+ go 2 m&i 2i±ixcom^i 3Tm-&&* 

mi 3] Vb=- C (gm 2 +gd 2 /2)/(gd 
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2 + S o 2 )] ■Vin,d+[gd 2 /(gd 2 + g o 
2 ) ] • V i n,c 
[0027]f-5t, Ift 1 3 i 0 , ikcomft 14, t 
3$1 5#«f#£>;h.&. ft, Adm{iillj^-KflJf#(diffe 
rential mode gain), A c mjilnjffl^ — Kfljf#( common 
mod ega in) <> 

[114] |Adm| = (gm 2 +gd 2 /2)/(g 
d 2 +go 2 ) 

Acm = gd 2 / (gd 2 +go 2 ) 
[11 5] CMRR= (gm 2 + gd 2 /I ) /g d 2 

[0 0 28]©. aj^x^-s/osofy# 

[0 0 2 9] 02£>£>, tf^cOlsU 6£#&» 

[in 6] 

go 3 Vout + gm 3 Vb + gd 3 Vout = 0 
[0 0 3 0] iiOliU 6^A>l5U 7^'#^>iX-l»o 
[117] 

Vout=C-gm 3 /(go 3 +gd 3 ) ] ■ Vb 

Av=Av 0 ■ \/ C ( 1 -S/Sp, 

S Pl = ( go 2 +g d 2 )/CB 

[0 0 34] <I?)Hffi^®T1i:PMOSFET£ffl^S 
^^Vvrf^LT^;^, NMOS FETSrffl^l, 
^T-t|s]«0[l]S#ffiBJcT'|IM^Tfc-g>. life. Ell 
i,Z^~tffif&X\ PMOSFET11, 12, 1 6l:NM 
osFEThU oi^BAA 

( GN D ) fM^ + c7)mj±i; LTffiffl^S «fc a KAte*-**! 
[00 3 5] 

tt*B*«tfir Loo 1 . 0 V«T<0W«£ETt>iMpiriB 

MiS^mc, r-7^M 'Jy^tmit^Mib^ 
[Hi ] ^muzx&Mos^Tyyz^-tMmm, 



[0 03 1 ] lot, IjU 8^fHt£» Av 2 ii 
Hiti^T— iSO S cof ij# t . 

[118] Av 2 =Vou t/Vb= I gm 3 / (go 
3 +§d 3 ) I 

[0032] fiLLi D , i wHSt^SBOTHIRw h-^ 
ftW^EBHWi, ^iSl90J:o(:*S t £*Ui, 
fi£*KffiO»5Si 6 fc jrb^T i> HBTIM ( ^=F*£ ^ ) S 
STC$>&. Avj liHSft^x— yDS(?)fi]fJ:^ 

S„ 

[119] 

Av 0 =Avj ■ Avj 
= | A dm | ■ A v 2 

= [(gm 2 +gd 2 /2)/(gd 2 +go 2 )] ■ [gi%/(go 3 +gd 3 )] 
[ 0 0 3 3 ] ifc, JlifSlffltfi, 03 £&mLX<X<r> 

i^ 2 o -cunts » m-h. twm&m&i 1 1 tt^x & 

[12 0] 

) ( 1-S/Sp, ) ] 
. Sp 2 = ( go 3 +gd 3 ) /CL 
[02 ] El 1 (7)^T>-T<50^— TfiJ#t-ov>T(7)* 
tiffHII®0o 

[ ei 3 ] ej i yycvmrnrnm^ v oi» 

HJSS0* 

[EI4] f*«C M O S^7V 7«-IJ SfHli 

[05] ^*cDCMos^r>-r<?)ffe<7)#ij^^|n]ifS 

El. 

[ El 6 ] El 5 <O0B«|IW^— 7f(f»fcoV <0^if ElK 
Eh 

[ 0 7 ] El 5 c0@£&OJUi£lf iJt# to v vc co^fiilllR 

El, 

10 MOS^r^T 
11, 12, 16 PMO S FET 
1 3 

DS HKjXx-^ 
OS asijx-r- S'* 



[02] 



[03] 



VIn1 1 



V[n2f 



gdiJ (?) gd,5 (?) 
Vblgrrii(\Ai-Vini) Vb 



grri3Vl 



gm 2 (\*|-Vii 



goi ' 




Vb Vout 

qm&lr^) 1 0CB+gda=|=CB QgrraVLt igen+gds :j=CL 
— I 1 I I 1 
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